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Epidemiologic studies have suggested the association
between environmental exposure to volatile organic com-
pounds (VOCs) and polycyclic aromatic hydrocarbons (PAHs)
and the increased risk of incurring asthma. Yet there is little
data regarding the relationship between personal exposure to
air pollution and the incidence of asthma in children. This
study was designed to evaluate the effect of exposure to air
pollution on children with asthma by using exposure bio-
markers. We assessed the exposure level to VOCs by mea-
suring urinary concentrations of hippuric acid and muconic
acid, and PAHs by 1-OH pyrene and 2-naphthol in 30 children
with asthma and 30 children without asthma (control). The
mean level of hippuric acid was 0.158 ± 0.169 mol/mol μ
creatinine in the asthma group and 0.148 ± 0.249 mol/mol μ
creatinine in the control group, with no statistical significance
noted (p=0.30). The mean concentration of muconic acid was
higher in the asthma group than in the control group (7.630
± 8.915 mol/mol creatinine vs. 3.390 μ ± 4.526 mol/mol cre μ -
atinine p=0.01). The mean level of urinary 1-OHP was higher
in the asthma group (0.430 ± 0.343 mol/mol creati μ nine) than
the control group (0.239 ± 0.175 mol/mol creati μ nine), which
was statistically significant (p=0.03). There was no difference
in the mean concentration of 2-NAP between the two groups
(9.864 ± 10.037 mol/mol in the asthma group vs. 9.157 μ ±
9.640 mol/mol in the control group, μ p=0.96). In conclusion,
this study suggests that VOCs and PAHs have some role in
asthma.
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INTRODUCTION
The prevalence of asthma has increased world-
wide while the most striking increases have come
in industrialized countries during the last decades.
Epidemiologic studies have suggested that envi-
ronmental factors, including air pollution, play an
important role in the increased prevalence of
asthma. In Korea, there has also been an increase
in the prevalence of asthma. In Korean children,
the prevalence of asthma was 5.7% and 11% in
1983 and 1995, respectively.
1
Volatile organic compounds (VOCs) are a di-
verse group of organic chemicals that share the
property of evaporating into the atmosphere at
normal room temperature. VOCs have been impli-
cated as causative agents in asthma.
2 Additio-
nally, a reduction of PEF25-75 from 50 mg/m
3 in
atopic individuals exposed to VOCs was noted.
3
Polycyclic aromatic hydrocarbons (PAHs) are
natural components of most fossil fuels. They are
formed by pyrolysis, an incomplete combustion or
the high-temperature processing of organic mate-
rials such as crude oil boiling, coke production, or
the production of other industrial carbon com-
pounds. Nonoccupational epidemiologic studies
have frequently shown associations between al-
lergic responses and/or asthma with the exposure
to ambient air pollutant mixtures having PAH
components, including high traffic density emis-
sions and environmental tobacco smoke (ETS).
4
Urinary concentrations of hippuric and muconic
acid have been considered to be biological indica-
tors of exposure to VOCs.
5-7 The levels of urinary
1-OH pyrene (1-OHP) and 2-naphthol (2-NAP)
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have been suggested as useful indicators of PAH
exposure.
8,9
There have been some epidemiologic studies
concerning the association between air toxics and
asthma, but there is little data regarding the rela-
tionship between asthma and personal exposure
to air pollutants such as VOCs and PAHs. There-
fore, this study was designed to evaluate the
effect of exposure to air pollution on children with
asthma by measuring exposure biomarkers.
MATERIALS AND METHODS
Subjects
The study subjects were recruited from the
Pediatric Allergy Clinic at Inha University Hospi-
tal from March to August 2002. Current asthma
was defined as a combination of at least one of
the asthma-related symptoms (wheezing and
dyspnea) and bronchial hyperresponsiveness
(BHR). For those patients who could not undergo
pulmonary function testing, current asthma was
defined as at least one of the asthma-related
symptoms and the following three criteria: 1)
more than three episodes of wheezing attacks, 2)
good response to bronchodilators, 3) no infiltra-
tion present on chest X-rays. Among the thirty
children with asthma, there were 14 cases of mild
intermittent asthma and 16 cases of mild persis-
tent asthma. For comparison, 30 children who had
no wheezing episodes or allergic disease were
investigated.
We estimated the chemical exposure to VOCs
and PAHs in the study subjects by urinary bio-
markers and collected living environment infor-
mation from their parents.
A written informed consent was obtained from
each subject's family. The study was approved by
the medical ethics committees of Inha University
Hospital.
Methods
Measurement of VOC and PAH exposure markers
We took 40 ml of urine samples from the chil-
dren with and without asthma. Urine samples
were immediately frozen at -20 until analysis.
Urinary hippuric acid concentrations were mea-
sured by high-performance liquid chromato-
graphy (HPLC) and UV analysis (Gilson, Mid-
dleton, WI, USA). Briefly, urine samples were
diluted 10 fold with distilled water. Samples were
then transferred to autosampler vials and an-
alyzed by HPLC and UV at 225 nm. Hippuric acid
was separated on a 150 mm long reverse-phase
column (TSK gel ODS-80TM, Tosoh, Tokyo, Japan)
with 20 mM potassium phosphate buffer (pH 3.3)
containing 12.5% acetonitrile.
Urinary muconic acid concentrations were mea-
sured by the method described by Lee et al.
10 and
modified by Rauscher et al.
11 The strongly acidi-
fied urine samples had to be adjusted for the ion-
exchange chromatographic clean-up procedure to
a pH value of about 4.5 with a sodium hydroxide
solution. Because of the resulting high ionic
strength of the urine samples, some analytical
procedure modifications were necessary. Only 1
mL of each sample was subjected to the solid-
phase extraction procedure, using two coupled
cartridges, each containing 500 mg of a strongly
basic anion exchange sorbent (500 mg SAX qua-
ternary amine). The samples were then transferred
to autosampler vials and analyzed by HPLC and
UV at 264 nm. A 250×4.6 mm reverse-phase col-
umn (Shoko, Kyoto, Japan) was used. The mobile
phase was 1% acetic acid, 10% methanol, and 5
mM sodium acetate buffer, flowing at 1 mL/min.
The concentration of urinary 1-OHP was
analyzed according to the method developed by
Jongeneelen et al.
12 The level of 2-NAP was an-
alyzed using the methods of Kim et al.
13 Briefly,
urine samples were buffered with sodium acetate
buffer and hydrolyzed enzymatically using β-
glucuronidase with sulfatase activity (Sigma, St.
Louis, MO, USA) for 16 hours at 37 in a shaking
water bath. After hydrolysis, acetonitrile was
added and the samples were centrifuged at
10,000g for 10 min. A high-performance liquid
chromatography (HPLC) system, consisting of a
pump (Waters 600E, Millipore, Milford, MA,
USA), variable fluorescence detector (RF-10AxL,
Shimadzu, Kyoto, Japan), an automatic injector
(L-7200, Hitachi, Tokyo, Japan), and an integrator
(Chromatopac C-R3A, Shimadzu, Kyoto, Japan),
was used. A 150 mm long reverse-phase column
(TSK gel ODS- 80TM, Tosoh, Tokyo, Japan) wasEffects of Air Pollutants on Childhood Asthma
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used for 1-OHP analysis and a 250 mm long re-
verse-phase column (J'sphere ODS-H80, YMC,
Wilmington, NC, USA) for 2-NAP analysis. The
mobile phase was 58% (v/v) acetonitrile for 1-
OHP, and 38% (v/v) acetonitrile for 2-NAP. Exci-
tation/emission wavelengths used in the detection
of 1-OHP and 2-NAP were 242/388 nm and 227/
355 nm, respectively.
Statistical analysis
Data were statistically analyzed using SAS v
8.1. As urinary 1-OHP and 2-NAP concentrations
were log-normally distributed, geometric means
and geometric standard deviations were pre-
sented. Group differences in the concentration of
hippuric acid, muconic acid, 1-OHP, and 2-NAP
were tested via the Mann-Whitney test.
RESULTS
Environmental factors
The mean age of the asthma subjects was 4.9 ±
0.5 years and that of controls was 5.5±0.7 years
(Table 1). There was no significant difference in
the number of family members who smoked
between the two groups (OR 0.76, 95% CI 0.27-
2.13, Table 1). Children living in apartments had
higher rates of asthma than children living in
houses; however, this finding was not statistically
significant (OR 2.4, 95% CI 0.68-8.22). Living in a
newly built or repaired house within 1 year of
completion was not a significant risk factor for
having asthma (OR 3.33, 95% CI 0.81-13.64).
Levels of VOC exposure marker
The mean level of hippuric acid was 0.158 ±
0.169 μmol/mol creatinine in children with asth-
ma and 0.148 ± 0.249 μmol/mol creatinine in the
control group, with no statistical significance
noted (p=0.86). The mean concentration of muco-
nic acid was 7.630 ± 8.915 μmol/mol creatinine
and 3.390±4.526μmol/mol creatinine in children
with and without asthma, respectively. There was
a significant difference in the mean concentration
of muconic acid between the two groups (p=0.02,
Table 2)
Table 1. Characteristics and Environment of Study Subjects
Number of subjects (%)
OR (CI)
Asthma Control
Age (years) 4.9±0.5 5.5±0.7
Sex
Male 20 (66.7) 13 (43.3)
Female 10 (33.3) 17 (56.7)
Family Smokers
Present 17 (56.7) 19 (63.3) 0.76 (0.27-2.13)
Absent 13 (43.3) 11 (36.7) 1.00
Type of House
Apartment 25 (83.3) 19 (67.9) 2.40 (0.68-8.22)
House 5 (16.7) 9 (32.1) 1.00
Newly build or repaired house
Yes 12 (66.7) 6 (37.5) 3.33 (0.81-13.64)
No 6 (33.3) 10 (62.5) 1.00
OR, odds ratio; CI, 95% confidence interval.Jeong-Hee Kim, et al.
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Levels of PAH exposure marker
The mean level of urinary 1-OHP was signifi-
cantly higher in the asthma group (0.430 ± 0.343
mol/mol creatinine) than the control group μ
(0.239 ± 0.175 μmol/mol creatinine, p=0.03, Table
2). The mean concentration of 2-NAP was 9.864 ±
10.037 μmol/mol creatinine and 9.157 ± 9.640 μ
mol/mol creatinine in the children with and with-
out asthma, respectively. There was no significant
difference for the mean level of 2-NAP between
the two groups (p=0.78, Table 2).
DISCUSSION
The prevalence of asthma has been steadily
increasing since the mid-1970s. Many studies have
suggested that multiple factors including the
westernized style of housing, increased exposure
to house dust mites, immunization with vaccines,
changing patterns of infection, dietary changes,
and increasing levels of air pollution play impor-
tant roles in the increasing prevalence of asthma.
In this study, the concentration of urinary
muconic acid was higher in the asthma group
than the control group. The urinary level of
muconic acid represents exposure to VOCs like
benzene.
14 Sources of VOCs from indoor air in-
clude paints, cosmetics, adhesives, building mate-
rials, furnishings, dry-cleaned clothes, cleaning
agents, carpets, and cigarettes.
15 One common
indoor air pollutant high in PAHs is environmen-
tal tobacco smoke (ETS). ETS also contains other
toxic air pollutants that make it difficult to ascribe
its effects to any one pollutant. Vehicle traffic and
industrial emissions are also major sources of
outdoor VOCs.
14 Our results showed no difference
in the presence of family members who smoked
between asthma and control groups, although
some studies do support the association between
ETS and acute exacerbations of asthma in asthma-
tic children.
16,17 A possible explanation to this
finding is that family members who smoke might
not smoke in the presence of their children or
within their house. The mean age of our study
subjects was 5 years. Children of preschool age
usually spend much of their time indoors. Thus,
the increased level of muconic acid in asthmatics
in our data was probably due to increased VOC
exposure in their residences. An association
between indoor home VOCs and asthma has been
shown in the European Community Respiratory
Health Survey.
18 This study reported that the
prevalence of asthma was greater for newly
painted homes (OR 1.5 95% CI 1.0-2.4), which is
consistent with the considerable differences in
VOCs.
18 Our data showed that living in a newly
built or repaired house within 1 year of comple-
tion was a risk factor for having asthma (OR 3.33,
95% CI 0.81-13.64), although this was not statis-
tically significant. Unfortunately, our limited sam-
ple size reduced our ability to detect significant
differences if they were present.
An epidemiologic study that was done via a
survey of students 13-14 years of age showed the
self-reported asthma prevalence was higher in
schools with higher VOCs.
19 Other risk factors,
including aeroallergens, were not controlled for in
this study. The researchers at Kanwha Valley,
West Virginia surveyed 74 elementary school
students in and outside of the valley and mea-
sured VOCs of elementary schools.
2 Higher VOC
concentrations were found in the valley than out-
side of the valley. The cross-sectional results
showed that children in the valley had higher
Table 2. Geometric Means (Geometric Standard Deviations) of Pollutant Metabolites (Unit: μmol/mol creatinine)
Metabolites Asthma Control p-value (Mann-Whitney test)
Muconic acid 0.158±0.169 0.148±0.249 0.86
Hippuric acid 7.63±8.915 3.39±4.526 0.02
1-OHP 0.430±0.343 0.239±0.175 0.03
2-NAP 9.864±10.037 9.157±9.640 0.78
1-OHP, 1-OH-pyrene; 2-NAP, 2-naphthol.Effects of Air Pollutants on Childhood Asthma
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rates of physician-diagnosed asthma (OR 1.27 95%
CI 1.09-1.48).
Human experimental and epidemiologic studies
regarding the effects of VOCs on nonoccupational
asthma are limited, and there are still few studies
on the mechanism of VOC-induced asthma. Ac-
cording to some studies, there were no significant
changes in bronchial hyperreactivity following
exposures to VOCs.
3,18,20 The suggested possible
mechanisms are that VOCs effect asthma via
neurogenic inflammation through irritant-in-
duced induction of the inflammatory media-
tors.
21,22
Our data showed that increased urinary levels
of 1-OHP were noted in asthma subjects. Urinary
1-OHP and 2-NAP levels have been suggested to
be useful indicators of PAH exposure.
8 Vehicle
traffic emissions, industrial emissions, and ciga-
rette smoke are major sources of VOCs and
PAHs.
14 The epidemiologic results showing asso-
ciations between ETS, traffic-related exposures,
and childhood asthma may be partially explained
by PAHs.
4 Experimental evidence indicates that
airborne PAH exposure linked to diesel exhaust
particles (DEPs) enhance immunological re-
sponses to allergens and induce inflammatory
reactions in the airways.
23-25
There are several limitations of this study
including small sample size, unmeasured indoor
VOCs, PAHs, and aeroallergens, and lack of data
for traffic density near the residence. Therefore,
we could not make any conclusions as to whether
the increased air pollution metabolites in children
with asthma were due to high levels of indoor air
pollutants, including building materials, or if this
was due to traffic-related exposures due to living
near a high volume of traffic. However, we did
find a relation between asthma and exposure to
VOCs and PAHs. To our knowledge, there are
few studies on the relationship between asthma
and air pollutants like VOCs and PAHs that have
used exposure biomarkers. The results of our
study cannot determine whether the effect of ex-
posure to air pollutants aggravates asthma symp-
toms in asthma patients or whether they induce
asthma in susceptible persons.
In conclusion, our study suggests that VOCs
and PAHs have some role in asthma. Additional
research is needed to investigate the mechanisms
of association between VOCs, PAHs, and asthma.
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